B. Automated enzymatic determinations of cholesterol and triglycerides cholesterol
Commercial kits produced by Boehringer.] Calbiochem, § and Abbott were evaluated. The Boehringer kit No. 124087 was adapted for the ABA 100 by the manufacturers, Table 1 (a); the method measures the rate of colour development in the Hantzsch condensation reaction. This method employs the reaction of catalase with hydrogen peroxide and methanol to produce formaldehyde, which condenses with ammonium ion and acetyl acetone to yield 3,5-diacetyl-l,4-dihydrolutidine, which is measured at 410 nm.
The phenol-aminophenazone reaction employed in Calbiochem kit No. 869965 and Abbott kit No. 6095, Table 1 (b), uses the reaction of peroxidase with hydrogen peroxide, and the coloured product phenazone-quinoneimine is measured at 550 nm.
The enzymatic cholesterol assays were calibrated with aqueous cholesterol standard (Boehringer Preciset cholesterol No. 125512 ).
Triglycerides
The procedure was based on the method described by Eggstein (1966) and Wahlefeld (1974) . The Smith-Kline Instrument] kit No. 82493 and Boehringer kit No. 126012 were similarly modified for operation on the Abbott Analyser, Table 1 (c). The enzymatic determination of serum triglycerides is as follows:
Triglycerides lipase +~glycerol + free fatty acids glycerol + ATpglycerol kinase> glycerol-I-phosphate + ADP ADP + PEP pyruvate kinase> pyruvate + ATP pyruvate + NADH + H+ LDH ---+ lactate + NAD+ The one-stage enzymatic method employs a single reagent (Sampson et al., 1975) , whereas glycerol kinase is omitted from the reagent in the two-stage assay. With the Abbott Analyser enzymatic hydrolysis of triglycerides to glycerol proceeds during the first two carousel revolutions in the two-stage method. Glycerol kinase is then added manually to individual cuvettes after the first photometric reading. 22 In the last carousel revolution glycerol kinase reacts with glycerol. The amount of NADH consumed during the subsequent reactions is equivalent to the amount of glycerol originally present. Calibration with triolein standards in isopropanol demonstrated a constant calibration factor of 5.13.
RESULTS

Performance of the ABA 100
Precision of the optical system and features of the sample dispensing unit appear in Table 2 . The coefficients of variation for parameters 2 to 5 include the variance due to the photometer.
Cholesterol study Non-enzymatic determination
Linearity to at least 12 mrnol/l was demonstrated with the Libermann-Burchard reaction. Carry-over between specimens of 2.5 and 9.7 mrnl/l was 5.8%.
Within-and between-batch precision data is shown in Table 3 .
Enzymatic determination
HANTZSCH REACTION
With Preciset aqueous cholesterol standards it was shown that the reaction was not linear above 8 mmol/l ( Fig. 1 ). Non-linear calibration plots were also produced with dilutions of sera with elevated cholesterol levels ( Fig. 1 ).
Sensitivity of this method was disappointing. A serum cholesterol of 7.8 mmol/l gave an absorbance difference of only 0.046 in this kinetic assay. Attempts to increase sensitivity by using the 1 :101 syringe plate, or doubling the reaction time merely exaggerated the non-linearity. There was no detectable carry-over between specimens with 2.5 and 9.7 mmol cholesterol/I. Within-and between-batch precision data are shown in Table 3 . *For 20 observations. tFor 10 sets of observations.~Two·stage reaction. §One-stage reaction.
Correlation with the Liebermann-Burchard reaction (Fig. 2 ) demonstrated lower results for the enzymatic assay at levels below 5 mmol/l and equivalent or higher results above 7.5 mmol/I, The intercept of 1.22 is greater than reports using the end-point Hantzch reaction or other chromogen oxygen acceptors, and more than expected for the concentration of circulating sterols, besides cholesterol that react with the Liebermann-Burchard reagent.
TRINDER'S REACTION Determination of serum cholesterol with the Calbiochem or Abbott kit was more sensitive, linear ( Fig. 3 ) and precise (Table 3 ) than the enzymatic reaction employing the Hantzch reaction. The majority of cholesterol values by this enzymatic tech-nique were consistently lower than the Liebermann-Burchard results (Fig. 4 ), in agreement with other authors. However, the distribution of results is such that the intercept crosses the y axis.
A similar correlation resulted from a comparison of cholesterols determined by Liebermann-Burchard (x) with the Abbott cholesterol kit (y). The correlation coefficient was 0.9887, and regression equation
Triglyceride study Non-enzymatic determination
The method was linear to at least 6 mmol/l, Carryover between 0.5 and 3.5 mmol/l was 2.8 %.
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Enzymatic determination
EsKALAB KIT Study of the reaction on a reaction rate analyser indicated that, although triglyceride hydrolysis was complete within 10 minutes and the subsequent reactions in 5 minutes, the test and blank reactions continued to show the same significant decrease in absorbance 20 minutes after the addition of glycerol kinase. The reagent blank was also noted to be high and variable on the Abbott and reaction rate analyser.
It is essential to mix when glycerol kinase is added during the fourth carousel revolution. This improved the precision from 6.8 %to 2.3 %(C.Y.) with a serum triglyceride of 1.30 mmol/I, Providing the mixing rod was drained or wiped, no detectable carry-over occurred between 0.5 and 3.5 mmol/l.
The method was linear to at least 6 mmol triglyceride/I, Withinand between-batch precision results appear in Table 3 . Comparison between the fully enzymatic determination of serum triglyceride (y) and the fluorimetric method (x) gave a correlation coefficient of 0.9918 and regression equation y = 0·4 E SOO-500nm 0·5 BOEHRINGER KIT Studies on a rate analyser showed that the test and blank reactions were complete within 5 minutes with no subsequent changes in absorbance. The reagent blank reaction was lower and more reproducible than the Eskalab kit. With triolein standards in isopropanol linearity was shown to 8 mmol/l (Fig. 5) . Within-batch precision was similar to the Eskalab kit (Table 3) , but between-batch precision was superior.
Comparison of triglyceride results with the nonenzymatic method is shown in Fig. 6 . The regression equation was similar to the correlation with the Eskalab kit. The enzymatic method again includes serum glycerol as well as triglyceride. 
TRIGLYCIRIDE DETERMINATION BY A ONE-STAGE ASSAY
In this technique the glycerol kinase was combined with the main reagent, used immediately, and a single absorbance reading made after 10 minutes (Sampson et al., 1975) . Fully enzymatic triglyceride kits manufactured by Boehringer, Calbiochem, and Eskalab were tested. The Eskalab and Calbiochem reactions took 10 minutes for completion at 37°C, but the Boehringer reaction remained incomplete even after 20 minutes. Precision of the one-stage reaction was poor (Table 3) . Precision with the onestage Eskalab kit was also disappointing, but an acceptable correlation was obtained between the one-stage (x) and two-stage (y) reactions, correlation coefficient 0.9942, regression equation y = 0.94x + 0.05.
DISCUSSION
Enzymatic lipid analysis on the Abbott Analyser requires the minimum of reagent preparation, and assays can begin soon after the instrument has been switched on. In contrast the non-enzymatic determination of lipids requires substantial sample preparation and the fluorimeter may require up to 30minutes to reach a steady baseline. However, the dual channel AutoAnalyzer simultaneously analyses cholesterol and triglyceride, whereas these are determined sequentially on the Abbott with a change of reagent, filter, and calibration factor. Any throughput comparison between continuous and discrete analysis must be considered as only partial, but it is estimated that 60 cholesterol and triglyceride determinations would take approximately 70 minutes on the Abbott and 130 minutes on the AutoAnalyzer.
A comparison of running costs for the determination of cholesterol and triglycerides on the Technicon AutoAnalyzer and Abbott Bichromatic Analyser, exclusive of labour costs, appears in Table 4 . A direct cost comparison is difficult between continuous and discrete methods of analysis due to variation in batch sizes, wastage of reagent, and the cost of equipment maintenance and consumables, besides reagents. It was therefore decided to assess the running costs on both analytical systems over a period of two months to provide more useful information.
Precision of these enzymatic assays is good. Care must be taken to optimise the probe height for sampling and dispensing, and silicone overlay of samples also improves analytical performance, probably by reducing evaporation and contamination through carry-over.
It was considered that a one-stage assay for the determination of triglyceride should be faster, less laborious, and more precise than the two-stage, since evaporation losses should be reduced. However, precision was poor and the one-stage reaction with the Boehringer kit was slower. The combined reagent is also reported to deteriorate rapidly (Sampson et al., 1975) . The one-stage method was therefore found to be unsatisfactory.
The poor between-batch precision of the two-stage Eskalab triglyceride assay could be due to the lack of a satisfactory reaction completion within the recommended measuring time and a high and variable blank. The latter is automatically subtracted from the test results on the Abbott. The Boehringer triglyceride method was chosen for routine use in our laboratory owing to the presence of a low reagent blank and good precision.
It is useful to compare the chemistry of the colori-metric stage of the two enzymatic procedures used for cholesterol determination, since this appears to influence the comparison of results with the Liebermann-Burchard reaction (Figs. 2, 4 ). There are several favourable features of the Hantzsch reaction used in the Boehringer enzymatic cholesterol kit. The kinetic cholesterol assay does not require a separate blank determination, and the Hantzsch reaction is reported to be unaffected by bilirubin, haemolysis, and ascorbate (Kageyama, 1971) . However in this study the method was insensitive, and linearity could not be demonstrated to 10.4 mmoljl, contrary to the manufacturers' advice. While the comparison with the Liebermann-Burchard reaction gave an acceptable correlation coefficient, the slope indicated that the difference between enzymatic and non-enzymatic cholesterol results was not consistent.
Since this slope was not demonstrated by Roschlau (1974) using an end point Hantzsch reaction, the results possibly indicate that, although the rate of colour production is linear with aqueous cholesterol standards to 7.8 mmol/l, this may not apply to all sera where rates of colour production could be subject to interference. The phenol-aminophenazone reaction used in the Calbiochem and Abbott cholesterol kits is more sensitive, precise, and linear to at least 16mmoljl but the method is subject to some interference by bilirubin (Allain et aI., 1974) . Also, as it is an end point reaction, a blank determination is necessary for haemolysed specimens as the bichromatic filter does not fully compensate for this. Besides these disadvantages the reaction was more reliable than the Hantzsch reaction, demonstrated a consistent difference between the Liebermann-Burchard results, and therefore was considered the most satisfactory method for cholesterol determination on the Abbott.
The Abbott Bichromatic Analyser combines speed with precision, reagent and sample economy, and versatility, and is a suitable instrument for lipid investigations. Although the equipment is designed for assays initiated by single reagent addition it was readily adapted for the triglyceride assay involving the addition of a second reagent. I thank Dr. S. Rosalki for his advice in the preparation of the manuscript.
